Abstract. On the basis of the currents induced by electron¯uxes in the Scintillating Fibre Detector (SFD) onboard the EQUATOR-S satellite launched on 2 December 1997, an in-situ acceleration of radiation belt electrons is found to possibly contribute to the increase of the¯ux of electrons with energies greater than 400 keV. The data acquired between 16 December 1997 and 30 April 1998 on the 500±67300 km, 4°inclination EQUATOR-S orbit show that the increase of the energetic electron¯ux corresponds to the enhanced geomagnetic activity measured through the Dst index.
Introduction
The origin of energetic electrons observed in the outer radiation belt during magnetic storms remains a non fully understood issue since the 1960's. Phenomenological approaches have mainly resulted in a list of observables correlated with the geomagnetic storm intensity as measured for instance by the Dst index, but quantitative estimates of the electron spectrum variation due to each injection or acceleration mechanism are still needed (Mcllwain, 1996; Rostoker et al., 1998; Xinlin et al., 1998) . Recently, the acceleration of electrons in the outer radiation belt has been attributed to Pc 5 band ULF waves excited by high speed solar wind¯ow associated with magnetic storms (Rostoker et al., 1998) . The main features of this acceleration process are the local character of the observed¯ux enhancements of energetic electrons and the lack of acceleration in the heart of the outer radiation belt (v % 4). Finally, a comparison between the energy transferred to electrons and the energy content of ULF waves is suggested as a way to de®nitely attribute electron acceleration to this physical mechanism.
In this paper we show that the changes in the electron integral¯ux t e i b 0X4 MeV observed by the Scintillating Fibre Detector (SFD) do not appear to correspond to injections of energetic electrons from outside the radiation belts and have aected the whole outer radiation belt regions for which 3`v`7. The¯ux of high energy electrons and their extent in L-space appear to correspond to the intensity of the geomagnetic storm.
The SFD used to detect electron and proton¯uxes is described in Sect. 2. Section 3 contains a discussion on the possible origin of the particles detected by the SFD.
The instrument
The Scintillating Fibre Detector (SFD) was designed and built by SENSYS under an ESA development contract and ESTEC assisted in the design of the shielding and in the calibration (Boeder et al. 1994) . It contains two organic 1-mm diameter (doped g 8 r 8 ) scintillating sensors coupled to photodiodes by a PMMA optical ®bre. In order to avoid solar light penetration into the satellite, a 0.3-mm-thick aluminum foil constitutes the SFD front panel. The mechanical assembly of the SFD sensors is shown in Fig. 1 . The shieldings in front and around each of these sensors determine dierent energy thresholds for the electrons and protons which the SFD was designed to detect. The aluminum shield around one of the organic scintillators is 0.2 mm thick, this channel is called the Naked Scintillating Fibre (NSF). The second organic scintillator is more heavily shielded with a 4-mm-thick aluminum tube and called the Shielded Scintillating Fibre (SSF). The threshold energies of electrons are 0.4 MeV and 2 MeV for the NSF and the SSF, respectively, while the corresponding values for protons are 8.6 MeV and 30 MeV.
The current from each photodiode is measured via a logarithmic ampli®er allowing each channel to cover a wide range of currents (i.e. particle¯ux). The measured current is converted to particle¯ux using the experimentally determined response of the scintillating material to electrons or protons. The response of the NSF and SSF channels to electrons is 4.2´10 A7 A/W in the 1 cm 2 sensor section. It was deduced from a limited set of calibration data but proved to be underestimated by a large factor as indicated in Fig. 2 where the predicted NSF output current is compared to the observed one. The prediction was based on AE-8 and AP-8 models along with the response of the scintillating ®bre channels to electrons and protons with energies above the given thresholds. The underestimated response to electrons given above leads to underestimated values of the predicted contribution of the electron¯ux to the NSF current. This can be seen by comparing the predicted NSF currents to observed values in the outer belt where the current signal is dominated by the electron contribution. The underestimation of the predicted NSF current when compared to the observed one is a general feature of all the data acquired during the EQUATOR-S mission. Therefore, the NSF current which is proportional to the integral electron¯ux t e i b 0X4 MeV in the outer belt, can only be used to study the dynamics of the outer belt electrons. The response of the NSF and SSF channels to protons was measured more accurately and is 2.2´10 A5 A/W in the 1 cm 2 sensor section. This allowed us to combine the currents from the NSF and the SSF channels in order to determine the proton¯uxes t p i b 8X6 MeV along the EQUATOR-S orbit for v`3. A typical signal acquired . Observed NSF output current (square symbols) versus time compared to the output current predicted using AP-8 and AE-8 models and the response of the scintillating ®bres to protons and electrons. The upper panel gives the values of L at which currents were measured. The predicted proton contribution (solid line) is either in good agreement with the observed currents where v`3 or slightly overestimated in the outer edge of the inner belt. The well known overestimation of the electron¯uxes by the AE-8 model (Heck, 1992) should have resulted in an overestimated electron contribution to the NSF output current. But, due to the largely underestimated response of the scintillating ®bres to electrons, the predicted electrons contribution (dashed line) is found to be a few orders of magnitude lower than the observed current in the outer belt where the electron contribution to the NSF current dominates. The predicted electron contribution to the NSF current at time 7.611 should be multiplied by a factor of about 30 in order to adjust its value to the observed one, but the same correction applied to the NSF current predicted for time 7.694 (in the inner belt) results in a relatively low electron contribution when compared to protons in the inner belt region is also shown in Fig. 2 . The amplitude of the predicted AP-8 proton contributions to the NSF current appears to be of the same order of magnitude as the observed one. A correct electron calibration would have allowed us to extract the proton and electron¯uxes from the observed SFD currents in case the latter had contained signi®cant contributions from both particle types. However, all our analyses and predictions based on the AP-8 and AE-8 models (in particular, the agreement between the observed NSF current and the proton contribution in the inner edge) lead to the conclusion that protons are the main source of the observed NSF and SSF currents in the inner belt. Therefore, the currents measured by the NSF and SSF channels were converted to proton¯uxes, which are only valid if the low contribution of electrons to the NSF current is con®rmed by calculations based on a correct NSF response to electron¯uxes.
In the conversion of NSF and SSF currents to proton uxes, the mean value of currents lower than 0.02 pA outside the radiation belts was substracted from all the observed current values higher than 0.02 pA to perform a baseline current correction. This baseline level amounts to %1.27´10 A2 pA which correspond to ā ux detection threshold of %500 protons/(sec cm 2 sr). A more detailed description of the SFD, its calibration and the proton¯ux results may be found in Boeder et al. (1994) ; Lemaire et al. (1997) and Cyamukungu et al. (1998) .
Results and discussion
As stated above, our qualitative study of the dynamical changes of the electrons¯ux in the outer radiation belt (i.e at v b 3) is based on raw output currents proportional to the¯ux of electrons above 0.4 MeV (the proton The panel (c) corresponds to the Dst index from OMNIWeb Data Explorer (http://nssdc.gsfc.nasa.gov/omniweb/form/dx.html). Note the correlation between the SFD output current and the dips in the average Dst geomagnetic activity index contribution to the NSF and SSF currents is negligible in the outer belt region). The NSF signal was found to be intense on days of strong magnetic storms (Fig. 3b) .
From Fig. 3a , it can be seen that the signal of the SSF channel rose signi®cantly above the background mainly on days of magnetic storms, suggesting that only on these days electrons of i b 2 MeV were injected or accelerated in the outer radiation belt. The SFD data displayed in Fig. 3(a and b) , between day 107 (17 April) and day 120 (30 April, i.e. immediately after the wide data gap) could be most valuable in evaluating the radiation environment just before the latchup which resulted in the early termination of the EQUATOR-S mission; therefore, these SFD data sets oer the opportunity to help clarify the origin of this unfortunate abrupt end of mission. No evidence of slowparticle, diusive-like transport from the outer belt to the inner belt has been found (see Fig. 3a and 3b) . Figures 2 and 3 (a and b) show that no particle bursts were detected outside the radiation belts. This may be due to either of the following causes: (i) solar wind particle injections occurred at high altitude at the time when the EQUATOR-S satellite was at low altitude; (ii) the¯ux of particles coming from outside the belts was of so low a level that the SFD did not detect it; (iii) there was no injection of high energy charged particles from outside the belts on days with intense geomagnetic storms.
The correlation between changes in the¯ux of outer belt electrons and solar wind parameters has been reported by Blake et al. (1997) , Selesnick and Blake (1998) and Xinlin et al. (1998) and the short duration of the revealed injection process (several hours or less) along with the orbital period of EQUATOR-S (22.3 h) may explain that the SFD was never at the right position to detect particle bursts from outside the belts. This would be in favour of hypothesis (i) although it must be recalled that the EQUATOR-S satellite spent more than 90% of its time at positions for which v b 3 (see the upper panel of Fig. 2) .
On the other hand, if hypothesis (ii) applies then an upper limit on the¯ux of injected electrons could be determined if a correct calibration of the SFD for electrons were available. The characteristics of this¯ux would be found to be dierent from those of the¯ux detected by the SFD in the radiation belts. This would indicate that the observed high energy electrons are not necessarily those of lower¯ux level injected from outside the belts.
Finally, the most probable hypothesis one can draw on the basis of the SFD results is hypothesis (iii), which is compatible with electron acceleration by ULF waves as suggested by Rostoker et al. (1998) . As for the case (ii), admitting hypothesis (iii) leads to the conclusion that most of the high energy electrons observed in the belts are accelerated internally and do not result from direct transport from outside the belts.
The observations made using the SFD favour a global approach to the study of the origin of high energy particles in the radiation belts. The dynamical properties of the radiation belts may be better studied by making a balance of the total incoming energy (irrespective of the radiation type) rather than only monitoring the particle injections into the belts. The adiabatic processes involved with in-situ acceleration of outer and inner belt electrons may then be characterized by the change induced in the whole energy and angular spectra of trapped particles.
